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Abstract-	The	purpose	 of	 this	 research	 is	 to	 analyze	 the	 reliability	 of	 	 fire	water	 as	water	 distribution	 for	 emegency	 condition.	 	 To	
determine	the	remaining	usefull	 life	 (RUL)	of	 fire	water	 line	 ,	 this	research	will	apply	counting	process	so	 that	 the	rate	of	remaining	
usefull	life	(RUL)	of	fire	water	line		can	be	known.	The	data	used	as	basis	for	calculation	is	failure	data	gained	from	technical	division	
databases	 from	2018.	 The	 data	 obtained	will	 be	 processed	 using	 visual	 inspection	 and	ultrasonic	 thickness	 test	 	method	 to	 produce	
remaining	usefull	life	of	fire	water	line.	From	5	example	fire	water	line,	only	3		needed	replace	of	fire	water	line	cause	less	than	10	year.	
RUL	to	9	year	at	10”	and	12”	Train	C/D,	2.45	year	at	14”	Train	C/D,	8	year	at	10”	and	12”	Utilities	I.			The	mathematical	modeling	will	be	
verified	 using	 visual	 thickness	 and	 ultrasonic	 Test	method	 to	 ensure	 Reamaining	 useful	 life	 of	 fire	water	 line	 at	 Badak	 LNG.	 Visual	
inspection	refer	to	API	571	and	ultrasonic	test	refer	to	API	570	and	ASME	B31.3	
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internal	 corrosions	 that	 lead	 to	 pipe	 leakage.	 While,	 at	
Train	 C/D,	 crackswere	 found	 along	 the	 pipe	 seam	 joint.	




These	 problems	 causing	 to	 downgrade	 situation	 that	
increase	 risk	 level	 due	 to	 lack	 of	 fire	 water	 pressure	 in	
case	of	emergency	[1][2]	
To	 overcome	 the	 problem,	 observer	 conducted	
remaining	 useful	 life	 assessment	 program	 to	 assess	 the	
degradation	of	the	pipes	and	to	determine	a	life	extension	
program	 for	 piping	 with	 less	 than	 10	 years	 estimated	
remaining	 lifetime.	 In	 2018,	 there	 are	 5	 areas	 were	
assessed	as	detailed	in	Table	1.	
To	 estimate	 the	 remaining	 useful	 life,	 data	 that	
gathered	 from	 fire	 water	 pipe	 of	 Train	 C	 is	 also	









No	 Area	 Pipe	Size	 Sample	Size	
1	 Train	C/D	 2”,	3”,	4”,	6”,	10”,	14”	 3”,	6”,	10”,	14”	
2	 Train	E	 2”,	3”,	4”,	6”,	10”,	14”	 3”,	6”,	10”,	14”	
3	 Utilities	I	 10”,	12”	 10”	








sample	 pipe	 lengths	 were	 varies	 from	 30	 cm	 to	 50	 cm.	
There	were	two	stages	of	assessment	conducted	[3].		
a. Visual	Inspection	










problem	 compare	 to	 the	 larger	 pipe.	 In	 this	 assessment,	
pipe	 with	 nominal	 diameter	 of	 6	 inch	 or	 less	
wereinternally	inspect	to	check	their	internal	condition.	
b. Thickness	Measurement	
Thickness	 measurements	 were	 conducted	 to	 all	
sample	 pipe	 points	 by	 using	 B-scanning	 method	 with	



















tactual	 is	 the	 actual	 thickness	 that	 measured	 at	 the	 time	 of	
inspection	(mm)	
trequired	 is	 the	 thickness	measurement	 computed	 by	 the	 design	
formula	 before	 corrosion	 allowance	 and	 manufacturer’s	
tolerance	are	added	(mm)	
Thickness	measurement	was	performed	by	ultrasonic	




	 Sampling	Point	 Size	 Sch.	 Initial	Thick.	 Min.	Thk.Req.	 Install	Year	 Insp.	Year	 0	to	3	 3	to	6	 6	to	9	 9	to	12	
C	
HR	307	 3”	 STD	 5.486	 0.8301	 1983	 2018	 4.89	 4.890	 5.06	 5.169	
WS	031	 6”	 STD	 7.112	 1.1559	 1983	 2018	 5.73	 5.940	 5.73	 6.090	
HV	303	 12”	 30	 8.382	 1.8074	 1983	 2018	 3.16	 3.160	 3.16	 3.160	
WH	610	 14”	 	 7.925	 2.0246	 1983	 2018	 2.41	 2.440	 2.44	 2.419	
E	
Close	to	E4-E-14	 3”	 STD	 5.486	 0.8301	 1990	 2018	 6.21	 3.840	 3.56	 3.940	
HV	509	 6”	 STD	 7.112	 1.1559	 1990	 2018	 5.9	 5.999	 5.93	 6.030	
HV	507	 12”	 30	 8.382	 1.8074	 1990	 2018	 5.84	 8.410	 9.08	 8.510	
HV	514	 14”	 520	 7.925	 2.02	 1990	 2018	 7.72	 5.730	 7.56	 7.659	
U1	 HV	1106	 10”	 30	 7.798	 1.5902	 1977	 2018	 2.6	 2.770	 2.82	 3.170	
U2	
Close	to	Boiler	22	 4”	 STD	 6.02	 0.9387	 1990	 2018	 2.83	 3.029	 3.03	 3.029	
HV	1206	 12”	 30	 8.382	 1.8074	 1990	 2018	 5.01	 5.309	 6.2	 5.309	
HV	1204	 14”	 520	 7.925	 2.02	 1990	 2018	 7.12	 6.829	 6.01	 6.469	
LD1	 HV	1611	 10”	 30	 7.798	 1.5902	 1977	 2018	 5.89	 6.110	 5.79	 5.790	
	
In	 conducting	 this	 research,	 a	 descriptive	 analysis	
based	on	field	test	result.	From	the	test	results	obtained,	
it	 can	 be	 calculated	 the	 value	 of	 the	 corrosion	 rate	 and	
lifetime	 value	 of	 the	 pipe.	 To	 obtain	 the	 results	 of	
















Visual	 inspection	were	 conducted	 to	 3”	 and	 6”	 pipes	
diameter.	 The	 conditions	 of	 internal	 pipes	 are	 shown	 in	
Figure	1.		
As	 shown	 from	 Figure	 1,	 internal	 pipes	 are	 still	 in	 a	
good	 condition.	 General	 corrosion	 occurred	 on	 the	 pipe	
internal	surface	slightly.	A	very	thin	scale	layer	was	found	








inspected	 to	 measure	 their	 remaining	 thickness.	
Considering	 the	 lowest	 thickness	 of	 each	pipe	 size,	 then	
the	 remaining	 useful	 life	 could	 be	 estimated	 by	
calculating	the	corrosion	rate	started	from	its	installation	
year	based	on	Equation	1	and	Equation	2.	The	calculation	
was	performed	with	design	pressure	 that	 applied	 to	 the	
pipe	 is	 12.1	 kg/cm2.	 Based	 on	 the	 calculation	 results	 as	
shown	in	Table	3,	 it	can	be	concluded	that	3”	and	6”	fire	
water	 line	of	Train	C/D	is	still	 fit	 for	utilization	up	to	10	
years	with	 acceptable	 internal	 condition.	 However,	 pipe	

























1	 3”	 0.8301	 5.486	 4.89	 0.01702	 238	
2	 6”	 1.1559	 7.112	 5.73	 0.03949	 116	
3	 12”	 1.8074	 8.382	 3.16	 0.14920	 9	




by	 using	 ERW	 type	 pipe.	 Additional	 test,	 Radiographic	
Examination,	was	also	conducted	to	ensure	that	this	pipe	
is	 ERW	 (electric	 resistance	 welding)	 type.	 This	 finding	
confirmed	the	information	that	during	the	construction	of	
Train	A/B/C/D,	specification	of	 fire	water	pipe	with	size	
of	 14”	 up	 to	 24”	 are	 SCH	 10	 API	 5L-B	 ERW.	 While	 the	
current	 PTB	 spec	 is	 PIPE	BE	 STD	CS	API	 5L-B	SAW	 [5].	
Refers	 to	 ASME	 B31.3,	 ERW	 pipe	 has	 less	welding	 joint	
efficiency	 than	 SAW	 [6].	 Therefore,	 as	 also	 on	
memorandum	 405/BM33/2009-334,	 ERW	 pipe	
potentially	 lead	 to	 pipe	 burst	 with	 combination	 to	
internal	corrosion.	Since	14”	fire	water	pipe	of	Train	C/D	
is	 heading	 toward	 KOD	 Plant-21,	 it	 is	 strongly	






Visual	 inspections	 was	 conducted	 to	 pipes	 with	






condition.	 General	 corrosion	 occurred	 on	 the	 pipe	
internal	surface	[7].	On	3”	pipe,	a	very	thin	scale	layer	was	
found	along	the	surface	area.	There	was	no	deposit	found	





inspected	 to	 measure	 their	 remaining	 thickness.	
Considering	 the	 lowest	 thickness	 of	 each	pipe	 size,	 then	





4,	 it	 can	be	concluded	 that	all	of	 the	pipes	are	corroded.	
However,	 based	 on	 their	 remaining	 thickness,	 all	 pipes	



















1	 3”	 0.8301	 5.486	 3.8	 0.05879	 49	
2	 6”	 1.1559	 7.112	 5.9	 0.04329	 110	
3	 12”	 1.8074	 8.382	 5.84	 0.09079	 44	




For	utilities	 I,	 the	only	pipe	 that	was	 assessed	 for	 its	
remaining	 life	 is	10	 inch	pipe.	The	assessment	was	done	
by	 using	 B-scanning	 method.	 Considering	 the	 lowest	
thickness,	 then	 the	 remaining	 useful	 life	 could	 be	
estimated	by	 calculating	 the	 corrosion	 rate	 started	 from	
its	 installation	 year	 based	 on	 Equation	 1	 and	 Equation	
2.The	 calculation	 was	 done	 with	 design	 pressure	 that	
applied	to	the	pipe	is	12.1	kg/cm2.	As	shown	by	Table	5,	
the	 pipe	 was	 badly	 corroded	 and	 the	 remaining	 life	
























Visual	 inspection	 was	 conducted	 to	 pipe	 with	











As	 shown	 by	 Figure	 4,	 internal	 pipe	 of	 4”	 pipe	 was	
badly	 corroded.	 It	 was	 found	 scale,	 which	 is	 corrosion	
product	of	steel,	and	also	deposit.	Thickness	of	scale	and	
deposit	that	were	found	is	1.5	cm.	Water	stagnant	inside	
the	 pipe	 is	 suspected	 to	 be	 the	 root	 cause.	 Scale	 and	





equipment	 as	 required	on	PTB	General	 Specification.	By	




Three	different	 pipe	 samples	 (4”,	 12”,	 and	14”)	were	
inspected	 to	 measure	 their	 remaining	 thickness.	
Considering	 the	 lowest	 thickness	 of	 each	pipe	 size,	 then	





6,	 it	 can	be	concluded	 that	all	of	 the	pipes	are	corroded.	



















1	 4”	 0.9387	 6.02	 2.83	 0.11393	 17	
2	 12”	 1.8074	 8.382	 5.9	 0.04329	 110	




its	 remaining	 life	 is	 10”	 pipe.	 It	 is	 also	 represented	 12”	
pipe	 at	 this	 area.	 The	 assessment	was	 done	 by	 using	B-
scanning	method.	Considering	the	 lowest	thickness,	 then	
the	 remaining	 useful	 life	 could	 be	 estimated	 by	
calculating	the	corrosion	rate	started	from	its	installation	
year	based	on	Equation	1	and	Equation	2	.The	calculation	
was	 conducted	with	 design	 pressure	 that	 applied	 to	 the	
pipe	 is	 12.1	 kg/cm2.	 As	 shown	by	Table	7,	 the	pipe	was	























there	 are	 several	 importance	 points	 that	 should	 be	
considered,	as	follow:	
- Generally,	 internal	 condition	 of	 fire	 water	 pipeis	
considered	 to	 be	 in	 good	 condition,	 except	 4”	 inch	







Train	 C	 is	 ERW	 type	 that	 may	 lead	 to	 similar	 burst	
problem	as	occurred	in	2014	and	2018	
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